Studies of the biochemistry of zinc have produced results which are widely divergent because of difficulties in methodology. However, techniques have evolved so that general agreement now exists that dithizone methods give reliable and reproducible measurements of zinc in erythrocytes and sera, and that acid extraction of the zinc from these biological materials produces more consistent and accurate results than wet-ashing or dry-ashing methods of preparing specimens for dithizone determination of zinc (1) (2) (3) (4) . Although normal values for erythrocyte and serum zinc have been established, the zinc content of leukocytes from normal persons using the acid extractiondithizone method has not been evaluated in the past.
Patients with hepatic cirrhosis have been found to have low serum zinc levels (5, 6) , zincuria (7) , and decreased concentrations of zinc in liver tissue (6, 7) . Vallee, Wacker, Bartholomay and Hoch (7) have postulated that these disturbances of zinc metabolism may be due to inhibition and perhaps to degradation of the zinc metalloenzymes, alcohol and glutamic dehydrogenases, because of excessive ethanol ingestion. However, there has been no direct evidence of altered intracellular zinc levels in patients with liver disease. The purposes of this study were to extend the application of the acid extraction-dithizone method for the determination of zinc to human leukocytes, to re-examine critically the levels of zinc in blood cells of normal persons, and to investigate the zinc content of the erythrocytes and leukocytes of patients with cirrhosis.
MATERIALS AND METHODS
All reagents were prepared, glassware cleaned, and blood collected with the special precautions required for trace metal analysis (4) . Venous blood (about 30 to 40 ml) was drawn from the subjects in the morning, without regard to fasting or nonfasting state. A small aliquot of blood was taken for routine hematological determinations and the remainder was mixed with about an equal volume of polyviniylpyrrolidone-lheparin sedimenting solution. After about 45 minutes the leukocyterich supernatant was pipetted off. This leukocyte suspension and a suspension of erythrocytes were washed three times with normal saline, and then diluted with saline so that the erythrocyte suspension contained about 500,000 red blood cells per mm' and the leukocyte-rich suspension had approximately 40,000 to 50,000 white blood cells per mm'. An aliquot of each suspension was then removed for quadruplicate counting of erythrocytes and leukocytes in each suspension with a Coulter counter. Random checks of leukocyte counts were also made in hemocytometers.
Berfenstam's method for the acid extraction of zinc from blood was modified slightly and used routinely (2) . For some experiments used to evaluate methods, wetashing for zinc extraction, as described by Wolff (3) and by Sandell (8) Evaluation of the method. As a check on the day-to-day reproducibility of results, many 3 ml aliquots of erythrocyte-rich suspensions were prepared at one time and stored. A single sample of such a control lot was randomly introduced and the zinc content determined with a batch of other cell samples from time to time. The results of such a control study are shown in Table I and serve to demonstrate the reliability of the method. In this set of control samples, as in other sets, some of the erythrocyte-rich suspensions were stored in zinc-free water added after the final saline wash, and some in hydrochloric acid-trichloroacetic acid mixture. No significant difference in results was introduced by varying the storage state.
Because of the possibility that the acid extraction method of preparing leukocytes for the dithizone determination might not result in complete extraction of the cellular zinc, several experiments were performed using concurrent wet-ashing and acid extraction methods to prepare aliquots of the same leukocyte-rich cell suspensions. As revealed in Table II , there were no significant differences between the leukocyte zinc values determined by these two methods. The calculation of leukocyte zinc would be simplified if the leukocyte-rich sample were completely free of contaminating erythrocytes. Wolff lysed the erythrocytes with 2.5 per cent acetic acid (3) and thus obtained a pure leukocyte preparation. Using the method, we found that most or all of the leukocyte zinc was leached from the cells (Table  III) . In a single experiment the acidity of the saline wash solution was reduced to pH 3.7 with zinc-free hydrochloric acid, and a single washing with this solution resulted in about 50 per cent loss of leukocyte zinc. When either a 2.5 per cent acetic acid or a 1 per cent saponin solution was used to lyse the erythrocytes, the remaining leukocytes tended to be clumped rather markedly, making accurate enumeration of the cells impossible.
Values in normal persons. In 38 simultaneous determinations of erythrocyte and leukocyte zinc concentrations of 32 normal persons (Table IV) , using the acid extraction and dithizone determina- (9), who used a dry-ashing process, and by Wolff (10) , who used a wet-ashing method (Table VII) .
Vallee and Gibson's zinc values for normal leukocytes were calculated on the basis of the assumption that 100 per cent recovery of uncontaminated leukocytes from the peripheral blood was obtained, i.e., the actual number of leukocytes in each sample was not determined directly, and there is a possibility that recoveries were incomplete. It should also be mentioned that the values for serum zinc reported by Vallee and Gibson (9) and by Hoch and Vallee (1) have been "corrected" downward about 50 per cent in subsequent work by Vikbladh (11), Berfenstam (2), Wolff (10) , and Vallee and co-workers (5). It is possible that the same Wolff's zinc values for normal leukocytes were determined from leukocyte-rich samples which had been purified by lysing the erythrocytes with 2.5 per cent acetic acid wash solution. As mentioned earlier in this paper, this process apparently leaches the zinc from leukocytes and also makes sampling and counting of the cells very difficult.
Our acid extraction method was compared with the wet-ashing method of Wolff, and the values for zinc in leukocytes by the two methods were in good agreement. The methods used in this study were not evaluated in reference to the dry-ashing method of liberating zinc from biological materials, since dry-ashing has been shown by skilled investigators to be more subject to errors due to contamination and losses (2, 4, 10) .
The previously reported evidence for disturbed zinc metabolism in patients with liver disease is corroborated by the finding of low serum zinc levels in our group of cirrhotics. Our mean of 64.2 (SD + 13.1) ,ug of zinc per 100 ml serum is similar to the 66 (SD ± 19) Mug of zinc per 100 ml serum in 28 patients with advanced cirrhosis described by Vallee and colleagues (5) , and the 64.4 (SD + 19.0) Mug zinc per 100 ml serum in 12 cirrhotics reported by Rechenberger (6) .
The definitely decreased levels of zinc in the leukocytes of our patients with cirrhosis afford the first direct evidence that the disturbance of zinc metabolism in cirrhosis is reflected by changes of intracellular zinc. Knowledge concerning the zinc in leukocytes is limited. A zinc metalloprotein, estimated to account for 80 per cent of their zinc, has been described, but no biochemical function has been ascribed to it (12) . The activity in leukocytes of carboxypeptidase and certain dehydrogenases, which are known to be zinc metalloenzymes in other animal and plant tissues, does not correlate with the zinc content of human white cells (12) . Leukocyte alkaline phosphatase is also thought to be a zinc metalloenzyme (13) (10, (14) (15) (16) (17) , but the elevation in this disease exceeds the level that might be anticipated on the basis of macrocytosis alone. It has been stated that the unit red cell zinc is normal in other anemias, with the possible exception of sickle cell anemia (16) . Since this study has not shown a conclusive correlation of unit erythrocyte zinc to cell size, further study is necessary to clarify this relationship. SUMMARY 1. An acid extraction method of liberating zinc for determination by a dithizone method has been applied to the study of leukocytes, and evidence for its reliability has been offered.
2. Normal values for zinc in human leukocytes and erythrocytes, using the method, are reported. 3 . A decrease of serum zinc concentration in cirrhosis is confirmed, and the evidence for disturbed zinc metabolism in these cases is extended by the finding of decreased intracellular zinc in the leukocytes of these patients. 4 . Erythrocyte zinc ranges from below to above normal in the group of cirrhotics, apparently varying directly with mean corpuscular volume. 5. The biochemical and physiological significance of zinc in leukocytes and of the disturbed zinc metabolism in patients with cirrhosis remains to be defined.
